This article provides updated status of the arsenic affected rural habitations in India, summarizes the policy initiatives of the Ministry of Drinking Water & Sanitation (Government of India), reviews the technologies for arsenic treatment and analyses the progress made by states in tackling arsenic problems in rural habitations. It also provides a list of constraints based on experiences and recommends suggested measures to tackle arsenic problems in an holistic manner. It is expected that the paper would be useful for policy formulators in states, non-government organizations, researchers of academic and scientific institutions and programme managers working in the area of arsenic mitigation in drinking water, especially in developing countries, as it provides better insights compared to other available information in India on mitigating arsenic problems in drinking water in rural areas.
INTRODUCTION
There is a lack of information on arsenic contamination in other states (Chetia et al. ) . Further, there is no available policy paper on arsenic contamination in India which provides authentic information, year-wise and state-wise, on the status of the arsenic problem in India, policy initiatives taken at Government of India level and their impact in mitigating the problem. This is the first ever policy paper on the status of arsenic contamination in rural areas throughout the country, the various initiatives taken at Government of India level and their impact on mitigating the arsenic problem in India along with the constraints and recommendations based on ground realities.
Groundwater constitutes more than 85% of drinking water sources in India and arsenic is a geogenic contaminant, which is found in some of the states in drinking dissolution of rocks. It may also come from industrial sources or from arsenic containing insecticides, herbicides or rodenticides. Arsenic is used in the cotton industry and in electronics, especially in photocopying and high speed computers. Lead arsenate and sodium/calcium arsenite are used as pesticides, monosodium arsenite and dimethyl arsenite are used as weed killers, and fluorochrome arsenate phenol and chromated copper arsenate are wood preservatives ( Jain ) .
Health impact of excess arsenic
Inorganic arsenic compounds in which arsenic is present in trivalent form are known to be the most toxic (Chappell et al. ) . Table 1 shows the acute toxicity of a number of arsenic compounds.
The first visible symptoms caused by exposure to low arsenic concentrations in drinking water are abnormal black-brown skin pigmentation known as melanosis and hardening of palms and soles known as keratosis. If the arsenic intake continues, skin de-pigmentation develops resulting in white spots that look like raindrops (medically described as leukomelanosis). Palms and soles further thicken and painful cracks emerge. These symptoms are described as hyperkeratosis and can lead on to skin cancer (WHO ). The diseases caused by chronic arsenic ingestion are called arsenicosis and develop when arsenic contaminated water is consumed for several years (Figure 1 ).
Arsenic may attack internal organs without causing any visible external symptoms, making arsenic poisoning difficult to recognize. Long-term ingestion of arsenic in water may also lead to problems with kidney and liver function.
Arsenic can disrupt the peripheral vascular system leading to gangrene in the legs, known in some areas as black foot disease. This was one of the first reported symptoms of chronic arsenic poisoning observed in China (province of Taiwan) in the first half of the 20th century (Petrusevski et al. ) .
National standards on arsenic
WHO Guidelines for Drinking Water Quality () specified provisional value of 0.01 mg/L for arsenic in drinking water. A number of European countries have adopted the WHO provisional guideline of 0.01 mg/L as their standard. Australia adopted an even more stringent standard of 0.007 mg/L for arsenic in drinking water in 1996. In the USA, Environmental Protection Agency (EPA) interim maximum contaminant level for arsenic in drinking water was 0.05 mg/L but EPA adopted Countries where the national standard for arsenic in drinking water remains at 0.05 mg/L include Bangladesh, China and India. In India, drinking water quality standards are specified by the Bureau of Indian Standards (BIS). BIS has specified two types of values for general physico-chemical parameters and toxic elements in drinking water: (1) maximum desirable limit and (2) permissible limit in the case of absence of alternative drinking water sources. BIS specification for drinking water (IS 10500: 2003) specified both the values as 0.05 mg/L. However, in 2012, BIS reduced the maximum desirable limit of arsenic from 0.05 mg/L to 0.01 mg/L. The permissible limit (in the case of absence of alternative sources) for arsenic remains unchanged as 0.05 mg/L (BIS ).
Rural drinking water supply in India
Rural drinking water supply is a state subject in India. It has been included in the Eleventh Schedule of the Constitution, among the subjects that may be entrusted to Gram 
Arsenic affected habitations in India
Since the year 2009, the physical and financial progress of NRDWP in states is reported by states on the online Integrated Panchayat Raj Institution (PRI) for water quality monitoring & surveillance of all drinking water sources. The key elements of NDWQM&S are as follows:
• To set-up the district and sub-district drinking water quality testing laboratories (or upgrade the existing ones) for routine and regular testing of water quality of rural drinking water sources.
• To provide field test kits (FTKs) and bacteriological vials to GPs for on the field testing of important general parameters (including arsenic).
• Awareness generation of the community at large on water quality and health issues.
• Capacity building of five grass root workers in each GP for testing of water sources within their jurisdiction using simple FTKs and confirmation from the nearest water testing laboratory for positively tested samples. • Drinking water quality parameters, to be monitored at each level (state, district and sub-district level laboratories) considering revised specifications for drinking water quality (IS 10500: 2012) specified.
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• Implementation of water safety plan which inter alia includes sanitary inspection for different types of water supply schemes.
• Suggestive minimum infrastructure (space, chemicals, instruments, equipment, etc.) at each level of laboratory (state, district and sub-district). groundwater-based drinking water sources and that require safe drinking water.
Commencement of community water purification system in water quality affected habitations
The following types of measures (but not limited to these) have been adopted for tackling the arsenic problem in drinking water in the states (depending upon the prevailing situation at that time):
• Colouring of the identified arsenic affected handpumps with an indication to not use the arsenic contaminated water for drinking purposes.
• IEC activities to raise awareness in rural areas.
• Complete sealing/closure of the handpumps/tubewells where arsenic was found to be higher than the permissible limit of 0.05 mg/L.
• New hand pumps on tubewells at deeper aquifers.
• Ring wells at upper aquifers.
• Installation of arsenic treatment units (ATUs) in existing hand pumps and water supply systems.
• Use of new large diameter tubewells at deeper aquifer for existing groundwater-based piped water supply schemes.
• Arsenic removal plants in existing groundwater-based piped water supply schemes.
• Groundwater-based new piped water supply schemes.
• Surface water-based new piped water supply schemes with river water or pond water as source. Water quality issues in many states are not properly attended to due to lack of professionally qualified experienced staff. The conventional institutional structure needs to be changed. For this, the number of professionals from multidisciplinary professionals should be increased in order to meet the challenges of various types of drinking water quality issues including the arsenic problem.
• The BIS is in the process of reducing the maximum permissible limit of arsenic in drinking water to 0.01 mg/L from the existing limit of 0.05 mg/L. If the arsenic limit in drinking water is reduced to 0.01 mg/L, an additional 10,003 new arsenic affected habitations comprising 1.2 crore (0.12 billion) population will emerge, for which, funds to the tune of Rs. 8,000 crore (US$ 1.2 billion) would be further required. This requires a greater contribution of funds from the states.
• There is a lack of awareness in villages about sources of arsenic, its adverse effects and the remedial measures.
Poverty is also a prime reason as many rural people are • There is an inability of GPs timely to take up the problem with the concerned departments of the state and sometime apathy of the state officials dealing with the arsenic problem in the states.
• Not reporting/under reporting/higher reporting of the data on online IMIS regarding NRDWP has been noted. It has also been observed that the data provided on IMIS by the states sometime do not reflect reality on the ground. It is necessary that the data/figures reported are true and reflect the ground reality.
• Non-functionality of the drinking water testing laboratories to timely identify the problem and address it is one of the major problems. Many laboratories in states are not equipped with the qualified manpower and appropriate instruments/equipment although they have sufficient funds.
• Arsenic testing kits/arsenators are not procured and distributed by the concerned department/board/authority in sufficient quantity. Experience shows that in many cases, arsenic testing kits/arsenators are not available even in arsenic affected habitations. There is a need to make arsenic testing kits available to each affected habitation with provision to designate a custodian for it.
• 100% source testing in quality affected habitations along with GPS coordinates and depth of groundwater may be immediately taken up, once each in the pre-monsoon and in the post-monsoon season.
• Arsenic is always thought to be a geogenic problem. • Untreated industrial effluents and leachates especially from electronic waste processing industries and pesticide manufacturing industries increases the probability of arsenic and other toxic metals intrusion into surface and groundwater. Hence, it is essential that these industries not only use the effluent treatment plants for the treatment of industrial effluents for the maximum period but also monitor drinking water quality for toxic elements in nearby villages under corporate social responsibility.
• Long gestation period of water supply schemes: sometimes, even a single village drinking water supply scheme takes many years to complete and it aggravates the arsenic problem in rural people. Water supply schemes should be implemented in a time-bound manner. Since the arsenic mitigation programme has been given priority and progress is being monitored separately by Parliamentary Committee, it is expected that all arsenic affected habitations, where the arsenic level is 0.05 mg/L or more, should be tackled by March 2017. However, for arsenic affected habitations where the arsenic level is 0.01 mg/L or higher, and which has not been reported, greater preparedness is required by the concerned state governments.
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